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24.  ABSTRACT 


The  last  three  years  here  bees  very  eveatfal  sad  freitfel  ia  terae  af 
eeieatific  achieveaeat  aad  pablicatioa.  After  aa  taitial  rebaildiag  period 
ia  1>7<-1977  daring  which  oar  laboratory  vaa  mowed  from  SMI  aad 
reestabliahed  at  USC  >we  begaa  a  program  aader  AK0  sponsorship  of 
investigating  the  ehemietry  aad  aechaaiaaa  aaeoeiated  with  eooi  flames, 
igaitioa,  combastloa  aad  iahibitioa.  Te  caa  bow  testify  to  impressiwe 
progress  ia  all  of  these  areas  as  wall  as  sigaifieaat  aew  resalts  ia 
related  areas.  *  Oar  iawestigatioas  haws  iaeladed  both  experimental  aad 
theoretical  stadias  aad  these  are  saamarised  briefly  here. 


I.  Mechanism  la  Combastloa  sad  Kalated  Processes 

Va  have  now  completed  for  the  fir at  time  a  molecalar  mechanism  which 
iacladcs  rate  coastaats  for  all  the  hay  steps  la  the  oxidation  aad 
combastloa  of  CI^  to  CjM^  hydrocarbons  (363.332).  Ve  caa  accoaat  for  cool 
flames,  the  iadactioa  periods  leading  to  cool  flames,  the  hot  igaitioa  or 
gaenehiag  following  cool  flames  aad  the  iadactioa  periods  loading  to  hot 
igaitioa.  The  earns  mechaaisa  seeeessfelly  accoaat  for  the  oxidation  aad 


breahdowa  of  labricatiag  oils  aad  for  the  periodic  flames  obserwed  ia 
oxidising  flow  systems.  This  work  caa  bow  offer  a  framework  withia  dynamic 
effects  may  be  investigated.  We  have  also  elacidated  the  mechanisms  of 
oxidatioa  of  II  (371),  MCI  aad  Or  (372)  aad  the  formation  of  soot  ia 
hydrocarbon  flames. 


II.  ItoCTMMPiim  £f  Miilll  Imaortaat  i£  Spp»p>ti9P  Process 

Ia  order  to  provide  the  detailed  mechanism  of  oxidatioa  we  have  had  to 
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mmih  tkinoebtBieil  properties  (Alt,  S*  tad  C» )  of  bob*  key  radicals. 

1  P 

These  iacladc  the  following:  HO^  (378,381).  CI_0^  (391),  tBaOg  (377), 
BtOCHCB3  (383),  tBo  (386),  CBjCO  (387)  aad  CBClj  (369).  Salfar  hat  tamed 
oat  to  be  a  eery  iaportaat  species  ia  eoabastioa,  primarily  because  of  its 
coatribatioa  to  air  pollutioa  aad  aeid  raia.  These  ia  tara  will  have 
iapacts  oa  the  fciads  of  faels  ae  vill  aae  ia  the  fatare  aad/or  the  hiada  of 
eaiaaioa  eoatrola  that  aay  be  required  oa  eoabastioa  devices.  This  has 
inspired  as  to  investigate  the  eheaistry  of  organic  salfar  containing 
radicals  aad  the  aechaaiaas  of  their  pyrolysis  aad  oxidation.  Ia  the 
coarse  of  this  work  ae  have  aeasared  theraocheaical  properties  for  CH  8* 
(373),  CH^SCHj  (393)  aad  a  aaaber  of  related  aolecalar  aad  radical  species. 
Froa  this  have  coae  aev  insight a  into  aechaaiaas  of  isomerisation  aad 
pyrolysis  of  salfar  containing  ageaeiea  (394)  aad  the  first  insight  iato 
COS  and  CSj  formation  ia  flaaea  aad  iaoiaoratora. 

III.  Theoretical  Stadias  ia  Kinetics 

Perhaps  oae  of  oar  aost  iaportaat  stadias  has  beea  those  oa 
recoabiaatioa  aad  disproportionation  of  alkyl  radicals  (373).  This 
eatabliahea  a  nodal  which  caa  rcprodacc  the  respective  rate  constants  to 
withia  20%  over  the  teaperatare  raage  froa  aabieat  to  flaae  teaperatares. 
This  has  as  oae  iaaediate  coaaeqaeacc  the  ability  to  predict  the  iaversc 
rate  coaataate  for  bond  fission  aad  aolecale/olef ia  disproportionation  Jaat 
froa  knowledge  of  aolecalar  straetsre. 

Aaother  iaportaat  achievement  has  beea  to  coastract  a  nodal  which  has 
beca  able  to  explain  the  very  passliag  negative  activation  energies 
observed  ia  lew  teaperatare  ataoapherie  processes  (388).  Kate  constants  at 
200-3S0*K  have  freqaeatly  beca  very  different  froa  their  valaea 
extrapolated  froa  observations  ia  flaae  ayateas  at  1600-2200*K.  Oar  new 
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nodel  aov  upliiai  tktu  iiouliti  for  the  «ry  iaportsat  flaae  reaction 


OH  +  CO  (389)  for  HOj  self-reactions  (392)  aai  for  OH  react ioat  with  polar 
species  (390). 

A  very  iaporteat  observation  kaova  for  sons  tiae  froa  (TST)  treasitioa 
state  theory  bat  now  confirmed  ia  flaae  stadias  is  that  the  2-paraaeter 
Arrheaias  eqaatioa  is  inadeqaats  to  represeat  rate  coastaats  over  aay  large 
teaperata re  reqaire.  Oae  aeeds  to  ase  the  3-paraaeter  fora  AT* exp(-E/RT) 
aad  it  cea  be  showa  that  a  caa  be  calcalated  froa  TST  with  aach  better 
precision  than  it  caa  be  aeasared. 

IT.  Eioeriaeatal  Peaiaa 

One  of  oar  aost  asefal  eaployaeats  ia  thie  recent  period  has  been  the 

redesign  of  oar  VLP1  systea  to  ase  tarbe-aolecalar  paaps  and  additional 

pmapiag  stages.  It  ia  now  close  ia  operation  to  a  aolecalar  beaa  aystea 
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aad  caa  aessare  atoaa  down  to  10  / cc  aad  radicals  dowa  to  10  /cc.  Te  are 
still  stadyiag  the  sensitivity  aad  perforaaace  of  the  systea  ia  detail. 
Recently  we  foand  that  oar  aicrowawe  discharge  prodaced  both  groaad  aad 
excited  state  of  halogen  atcas.  This  has  bcea  of  iaportaaee  oaly  with  Hr 
where  the  discovery  has  aade  possible  the  aeasareaeat  of  rate  coastaat  of 
Br(2Pj/2)  as  well  as  groaad  state  (*Pj/2).  This  ia  a  eoatiaaiag  process 
liaited  oaly  by  available  fends  aad  aaapover. 

To  avoid  excited  electroaic  states  vo  have  explored  aad  developed 
theraal  soarees  for  Hr  aad  Cl  atone  which  seen  to  work  well. 

T.  Theory  pi  Ionic  Solvation 

Coaviaced  that  ioa-pairs  aad  ioaic  processes  nay  play  a  role  la  lev 
teaperatare  oxidatioas  we  have  begaa  theoretical  stadias  of  potential 
faactioas  to  describe  ion-ion  sad  ioa-solveat  interactions 
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(361,362,379,330).  Tkiit  km  bm  vary  neetttftl  is  iceouti>|  for  AH® 
diatoale  alkali  kalida  aolacala,  eryatala  aad  diaara  aa  wall  aa  aaccaaaiva 
kydratioa  aaargiaa  of  iadiwidaal  ioaa. 
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